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MODELING THE UTILIZATION OF LOCAL RESIDUES 
FOR ENERGY PRODUCTION: AN APPLICATION I N  
THE SILISTRA REGION, BULGARIA 
Todor Balabanov 
1 .  THE PROBLEM 
Regions w i t h  developed a g r i c u l t u r a l  p r o d u c t i o n ,  food-proces-  
s i n g ,  and/or  p u l p  and p ap e r  i n d u s t r i e s  g e n e r a t e  s u b s t a n t i a l  quan- 
* t i t i e s  o f  c e l l u l o s e  r e s i d u e s .  These i n c l u d e  c r o p  w a s t e s ,  animal  
- 
-F 
w a s t e s ,  s l a u g h t e r h o u s e  was tes , '  by-products  from a g r i c u l t u r a l l y  
based  i n d u s t r i e s ,  ' and from t h e  pape r  and p u l p  i n d u s t r y ,  a s  w e l l  a s  
o t h e r  c e l l u s l o s e  by-products .  A t  p r e s e n t ,  some o f  these r e s i d u e s  
a r e  u t i l i z e d  as f e r t i l i z e r ,  a f t e r  a  p e r i o d  o f  i n t e r n e d i a t e  s t o r a g e .  
The remainder  i s  burned  o r  d e s t r o y e d  by o t h e r  means w i t h  t h e  e f f e c t  
o f  p o l l u t i n g  t h e  e n v i r o n n e ~ t .  Thus, a d d i t i o n a l  e x p e n d i t u r e s  a r e  
r e q u i r e d  b o t h  f o r  s t o r a g e  and env i ronmen ta l  manacemect. 
One methcd o f  f u l l y  u t i l i z i n g  t h e s e  r e s i d u e s ,  which a i s o  ha s  
t h e  b e n e f i t  o f  improving t h e  r e g i o n a l  energy  b a l a n c e ,  i s  t o  con- 
v e r t  them, by means o f  a n a e r o b i c  d i g e s t i o n ,  i n t o  b i o g a s  and s l u d g e  
w i t h  a  f e r t i l i z e r  v a l u e  (Albegov and Balabanov 1980b) . However, t h e  
o v e r a l l  i m p l i c a t i o n s  of t h i s  t echno logy  shou ld  c a r e f u l l y  be  e v a l u a t e d .  
* 
4. 
Thresh,  c r o p  s t u b b l e ,  s t r a w ,  and s p o i l e d  f o d d e r .  
1 Bedding, was te  f e e d ,  p o u l t r y  l i t t e r ,  and manure. 
T ~ l o o d ,  m a t ,  l e a t h e r ,  and wood wastes. 
§ o i l  c a k e s ,  was te  from f r u i t  and v e g e t a b l e  p r o c e s s i n g ,  
p r e s s e d  mud from s u g a r  r e f i n e r i e s ,  sawdust ,  t obacco  waste and 
s e e d s ,  and l i g n e o u s  w a s t e s .  
The e v a l u a t i o n  should inc lude  an examinat ion of  two groups 
o f  f a c t o r s  t h a t  can be seen t o  i n f l u e n c e  t h e  d e c i s i o n  t o  i n t r o -  
duce anenergy-convers ion i n s t a l l a t i o n  i n t o  t h e  given r eg ion  
s i g n i f i c a n t l y .  They comprise i n f r a s t r u c t u r a l  f a c i l i t i e s  ( f o r  
collection/distribution, t r a n s p o r t a t i o n ,  and s t o r a g e )  and c o s t s .  
I n f r a s t r u c t u r a l  f a c i l i t i e s  a r e  c r u c i a l  t o  t h e  s i t i n g  of  t h e  
energy-conversion i n s t a l l a t i o n ,  s i n c e  r e s i d u e s  have t o  be c o l l e c t e d  
from farms,  food-process ing p l a n t s ,  e t c .  throughout  t h e  r eg ion  and 
d e l i v e r e d  t o  t h e  d i g e s t e r .  A f t e r  t h e  convers ion  p roces s  has  t aken  
p l a c e ,  d i s t r i b u t i o n  throughout  t h e  r eg ion  i s  neces sa ry .  D i s t r i -  
b u t i o n  i s  obvious ly  dependent on i n f r a s t r u c t u r a l  f a c i l i t i e s  a s  
much a s  on t h e  produc t  consumption p a t t e r n .  S to rage  i s  a l s o  nec- 
e s s a r y  f o r  both  s ludge  and b iogas  gene ra t ed  i n  t h e  convers ion  pro- 
c e s s ,  a l though  t h e i r  requirements  d i f f e r  and they  should t h e r e f o r e  
be t r e a t e d  s e p a r a t e l y .  
Secondly, t h e r e  i s  t h e  q u e s t i o n  o f  c o s t s .  Costs  r e l a t i n q  t o  
t h e  o p e r a t i o n  and maintenance of  t h e  p l a n t  and t o  c a p i t a l  investinsnt  
vary i n  accordance wi th  t h e  s c a l e  of  b iogas  produc t ion .  Add i t i ona l  
c o s t s  would be i n c u r r e d  i f  nonconventional  energy sou rces  ( e . g .  
s o l a r  h e a t i n g )  were used t o  a c c e l e r a t e  Lhe p roces s  of  anae rob ic  
d i g e s t i o n  and a l s o  i f  t h e  bu rne r s  o f  e x i s t i n g  dev ices  were t o  
r e q u i r e  a d j u s t n e n t .  
Given t h e  n a t u r e  o f  t h e  two groups of  f a c t o r s  i n f l u e n c i n g  t h e  
d e c i s i o n ,  a  systems a n a l y t i c a l  approach would seem an a p p r o p r i a t e  
way t o  determine t h e  o v e r a l l  implicationsofintroducing t h i s  new 
energy-conversion technology.  An e v a l u a t i o n  based on t h i s  approach 
w a s  c a r r i e d  o u t  i n  an a g r i c u l t u r a l  r eg ion  i n  Bulgar ia-- the  S i l i s t r a  
r eg ion .  For t h i s  purpose,  a  l i n e a r  programming model, t a k i n g  i n t o  
account  a l l  proces s  c o s t s ,  was c o n s t r u c t e d  by P r o f .  M. Albegovand D r  
T. Balabanov wi th  t h e  a s s i s t a n c e  of D r  A. P i t e l i n  from t h e  C e n t r a l  
Economics and Xathematics I n s t i t u t e  o f  t h e  USSR Academy o f  Sc iences  
(Albegov and Balabanov 1980a) . The model w a s  designed t o  a s s i s t  
t h e  u s e r  i n  de te rmin ing  t h e  op t imal  p roduc t ion  and s t o r a g e  l e v e l s  
under a given  set of  c o n s t r a i n t s  and supply and demand p a t t e r n s .  
The implemented v e r s i o n  of  t h e  model and t h e  r e s u l t s  of  s e v e r a l  
i n i t i a l  runs  a r e  d e s c r i b e d  i n  t h i s  paper .  
The model 's  o b j e c t i v e  func t ion  is  t o  maximize t h e  s u b s t i t u -  
t i o n  o f  b iogas  and f e r t i l i z e r  (produced from s ludge )  f o r  conven- 
t i o n a l  f u e l s  ( o i l ,  ga s ,  o r  c o a l )  and f e r t i l i z e r s .  The produc t ion  
system assumed i s  p r e s e n t e d  i n  Figure  1 .  A g r i c u l t u r a l  r e s i d u e s  
a r e  t r e a t e d  a s  t r a n s p o r t a b l e  o r  non t r anspor t ab l e  ( e . g .  animal 
dung) and a r e  d i s t r i b u t e d  t o  s e v e r a l  l o c a t i o n s  (Figure 2 ) .  For 
each of  t h e  l o c a t i o n s  1-7, s e a s o n a l  p a t t e r n s  f o r  r e s i d u e  produc- 
t i o n  and b iogas  and f e r t i l i z e r  consumption a r e  assumed. I t  i s  
a l s o  assumed t h a t  t h e  produc t ion  system could  be l o c a t e d  i n  
l o c a t i o n s  5 ,  6 ,  o r  7. The produc ts  ( b i o g a s  and f e r t i l i z e r  
s ludge )  could  be t r a n s p o r t e d  t o  each o f  t h e  l o c a t i o n s  1-7. 
Seve ra l  (up t o  4 )  produc t ion  c a p a c i t i e s  ( f o r  t h e  d i g e s t e r ) .  
a r e  cons ide red  i n  o r d e r  t o  r e f l e c t  d i f f e r e n t  economies of  
s c a l e .  
2 .  FOLiAL DESCRIPTION OF THE MODEL 
2 . 1 .  Assumptions 
1 .  It  i s  p o s s i b l e  t o  have s e v e z a l  t y p e s  o f  raw m a t e r i a l  
a t  one p o i n t  f o r  d i g e s t e r s .  
2 .  Biogas produced can be t r a n s p o r t e d  up t o  one k i lome te r  
wi thout  compression and up t o  15-20 Xm wi th  compression.  
3 .  F e r t i l i z e r s  produced can be s t o r e d  wi th in  t h e  four -  
month p e r i o d s  under c o n s i d e r a t i o n  ( s e e  s e c t i o n  2 .3 .1 .  ) . 
Addi t iona l  s t o r a g e  c a p a c i t y  i s  r e q u i r e d  f o r  c e r t a i n  
p e r i o d s  o f  t h e  yea r  t o  balance supply and demand. 
4 .  A l i n e a r  combination of  d i f f e r e n t  raw m a t e r i a l s  l e a d s  
t o  a l i n e a r  combination of  o u t p u t s  (b iogas  and f e r t i -  
l i z e r )  . 
5. The l e v e l  o f  consumption of  b iogas  and f e r t i l i z e r  i s  
c o n s t r a i n e d  accord ing  t o  t h e  season.  
6.  Consumption o u t s i d e  t h e  r eg ion  under a n a l y s i s  i s  n o t  
d i r e c t l y  cons ide red  b u t  can be taken  i n t o  account  a s  
an a d d i t i o n a l  requirement  a t  some border  p o i n t s  o f  t h e  
r eg ion .  
7. Biogas can be s t o r e d  a t  t h e  p o i n t s  of  p roduc t ion .  
F i g u r e  1. The p r o d u c t i o n  s y s t e m  under  a n a l y s i s .  
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po in t s  of res idue  concent ra t ion  
poss ib le  d i g e s t e r  l o c a t i o n s ,  co inc id ing  
with t h e  concentrat ion of nontransportable  
r e s idues  
t r a n s p o r t a t i o n  d i s t ances  mul t ip l i ed  
by t h e  average s p e c i f i c  t r a n s p o r t a t i o n  
c o s t  of raw mate r i a l s  (gas and f e r t i l i z e r s  
a r e  d s l i v e r e d  i n  t h e  oppos i te  d i r e c t i o n ,  
inc luding  corresponding c o s t s )  
Figure 2 .  Sample po in t s  of res idue  concent ra t ion  and poss ib le  
d i g e s t e r  l o c a t i o n s  and t h e i r  t r a n s p o r t a t i o n  l i n k s  
f o r  t h e  region under a n a l y s i s .  
Exogenous Informat ion  
1 .  Three s e t s  of p o i n t s  a r e  known: p l a c e s  where sou rces  of 
raw m a t e r i a l s  a r e  c o n c e n t r a t e d ,  p o s s i b l e  s i t e s  f o r  
d i g e s t e r  c o n s t r u c t i o n ,  and c e n t e r s  where t h e  f i n a l  pro- 
duc t s  a r e  consumed. 
2 .  It  i s  p o s s i b l e  t o  determine t h e  s e a s o n a l  a v a i l a b i l i t y  o f  
r a w  m a t e r i a l s  and t h e  volume of consumption of  d i f f e r e n t  
p roduc t s  a t  cor responding  p o i n t s .  
3. The s e a s o n a l  consumption p a t t e r n  f o r  d i f f e r e n t  p roduc t s  
i n  every  c e n t e r  i s  known. 
2.3. C l a s s i f i c a t i o n  of  I n d i c e s ,  C o e f f i c i e n t s ,  and Var i ab l e s  
2 . 3 . 2 .  IndCczs  
i = i n s t a l l a t i o n  s i t e s  
n  = technology t y p e  
o  = t ype  o f  o u t p u t s  
p  = p o i n t s  of r e sou rce  and de-nand c o n c e n t r a t i o n  
r = type  o f  i n p u t  a v a i l a b l e  r E R ,  L R2 
t = t ime  p e r i o d  
where 
i = 1 , 2 , 3  
0 = 1 , 2  = biogas  and f e r t i l i z e r ,  r e s p e c t i v e l y  
p =  1 ,  ..., 7 ( p = 1 , 2 , 3 E P 1  a n d c o r r e s p o n d s t o  
i = 1 , 2 , 3 )  
r = l  E R = n o n t r a n s p o r t a b l e  was tes  1 
r=2 ,3 ,4  E R2 = t r a n s p o r t a b l e  was tes  
t = 1 , 2 , 3  = pe r iod  January-Apr i l ,  p e r i o d  May-August, pe r iod  
September-December, r e s p e c t i v e l y  
2 .  3 . 2 .  Coefficiznts 
CAP = i n s t a l l e d  c a p a c i t y  of technology type  n  a t  
n ,  i 
p o i n t  i ( 106m3 b iogas /yr )  
C F  = convers ion  f a c t o r  f o r  r e sou rce  r t o  u n i t  of 
r , n  3  6 3 b iogas  (10 t/10 m ) f o r  i n s t a l l a t i o n  n  
FPo , n  = f e r t i l i z e r  p roduc t ion  (0=2) p e r  u n i t  of  3  6 3 b iogas  produc t ion  (10 t /10 m 1 f o r  i n s t a l l a -  
t i o n  n  
INVn , i = c a p i t a l  investment  f o r  c o n s t r u c t i o n  of  i n s t a l -  
l a t i o n  type  n  a t  p o i n t  i ( 103 l e v a )  
, t = o p e r a t i n g  and maintenance c o s t s  p e r  i n s t a l l a -  
t i o n  n  and t ime pe r iod  t - ( l o 3  lv / t ime  p e r i o d )  
BEN = aggrega ted  purchase  p r i c e  o f  t h e  produc ts  
BEN = PRE + CF PF3 
r t n  
where 
PRE = purchase p r i c e  o f  convent iona l  
3 3 
secondary energy ( lv /10 m ) 
PRF = purchase  p r i c e  of  1 ton  o f  f e r t i -  
l i z e r  ( l v / t )  
EXSTO = o p e r a t i o n  and maintenance c o s t  of  p roces s ing  
3  3  i n / o u t  of  s t o r a g e  f o r  o=l  b iogas  ( lv /10 m ) , 
0 = 2  f e r t i l i z e r  ( l v / t )  
I:JST = c a p i t a l  i n v e s t n e n t  f o r  c o n s t r u c t i o n  of 
0 
s t o r a q e  f a c i l i t i e s  
where 
3  3  
o=l (INBGST) = f o r  b iogas  ( lv /10 m ) 
0=2 (INFTST) = f o r  f e r t i l i z e r  ( l v / t )  
TRo = c o s t  o f  t r a n s p o r t a t i o n  
where 
3  3  
o=l (TRBH) = f o r  b iogas  ( lv/10 m /km) 
0 = 2  (TRR) = f o r  f e r t i l i z e r  and r e s i d u e s  
TRDSTi, = t r a n s p o r t a t i o n  d i s t a n c e s  between p o i n t s  i 
and p  (km); from i t o  p  it i s  assumed t h a t  
t h e  d i s t a n c e  i s  0 . 7  km 
PRSCRr ,, = produc t ion  schedule  of  r e s i d u e  type  r i n  t i m e  
f P 3 pe r iod  t a t  p o i n t  p  ( 1 0  t / t i m e  pe r iod )  
CSCt = consumption schedule  of  o u t p u t  o  i n  t i m e  tOtP 
p e r i o d  t a t  p o i n t  p  
where 
6 3 o=l (CSCBC, ) = f o r  b iogas  ( 1 0  n /t) 
f P 
o=2 (CSCFt 3 
t P )  = f o r  f e r t i l i z e r  ( 1 0  t / t i m e )  
pe r iod )  
= d i s c o u n t  r a t e  o f  c a p i t a l  investment ;  E = O f . .  . , I 2  
A l l  of  t h e  above c o e f f i c i e n t s  a r e  i n p u t s  t o  t h e  model. The 
format of  t h e  i n p u t  f i l e  i s  presen ted  i n  Appendix A. 
2 . 3 .  3 .  V a r i a b l e s  
t tn t  i = u t i l i z a t i o n  of  technology type  n  a t  p o i n t  i 
t x  = l e v e l  o f  p roduc t ion  f o r  technology type  n i n  
n , t , i  
t i m e  p e r i o d  t a t  p o i n t  i 
t Y t , i t r  = consumption o f  r e sou rce  r i n  t i m e  pe r iod  
t a t  p o i n t  i 
= q u a n t i t i e s  o f  p roduc t  o  - i n ,  - s to red ,  and o u t  -
of  s t o r a g e  a t  p o i n t  i i n  t i m e  p e r i o d  t 
o u t  
,. 
t z  it o = r e q u i r e d  s t o r a g e  c a p a c i t y  f o r  p roduc t  o  a t  
p o i n t  i 
f z t , i , r , p  = q u a n t i t y  of  r e sou rce  r t o  be  t r a n s p o r t e d  
from p o i n t  p  t o  p o i n t  i dur ing  t ime pe r iod  t 
f C t t i t o , p  = q u a n t i t y  of p roduc t  o  t o  be t r a n s p o r t e d  from 
produc t ion  p o i n t  i t o  consumption p o i n t  9 
dur ing  t i m e  pe r iod  t 
2 . 2 . 4 .  The S y s t e n  o,-" E q u a t i o n s  
U t i l i z a t i o n  o f  t h e  i n s t a l l e d  c a p a c i t y  
rows p i  = 1 ,  ..., 1 2  
CAPn i tt 
- 3 t x n , t f i  2 0 ,  f o r  a l l  t , n ,  and i 
n , i  
rows p i  = 1 ,  ..., 13 
1 t t n f i  S O ,  f o r  a l l  i 
n 
B a l a n c e  o f  t h e  i n p u t s  
rows p i  = 14,15,16 
- Z t ~ ~ , ~  I ' Y t , i , r  2 0 ,  f o r  a l l  t and i 
- - 
C o n s x m p t i o n  o f  n o n t r a n s p o r t a b l e  r e s o u r c z s  
rows si = 17,21,25 
CF t Y t f i f T  I PRSCR -, f o r  r E R, and i Z P an3. a l l  t 
r t n  r r t r r  
C o n s u m p t i o n  o f  t r a n s p o r $ a 3 l e  r e s o u r c e s  
rows p  = 18,19,20,22,23,24,26f27f28 
C F r f n  tYt , i , r  - 1 f z t , i , r , p  2 0 ,  f o r  r E R 7 #  - 
P a l l  p , t ,  and i 
rows r ,  . . . , i r p  
I f z t , i , r , p  I PRSC,Sr f o r  a l l  p , r  E R 2  and t i tt,sf 
P r o d a c S i o n ,  s t o r a g e ,  and c o n s u m p t i o n  o f  t h e  p r o d u c t  
o=l (b iogas )  
rows p  = 28, .  ..,31 
- t z  o u t  i n  1 t Y t , i , r  t , i , o  + t z t , i , o  - 1 f c  t r i r o t p  = 0 ,  r P  
f o r  a l l  t and p  
rows c , . . . , i o p  
I f C t , i , o , p  5 CSCaGt , f o r  a l l  t and p  i r P  
Produc t i o n ,  s t o r a g e ,  and  c o n s u m p t i o n  o j t h e  r o 2 u c t  
0 = 2  ( f e r t i l i z e r )  
rows p  = 38,39,40 
- 
f o r  a l l  t and p 
rows c , . . . , i o p  
1 f C t . i , o , p  5 CSCFt , f o r  a l l  t and p  i P  
The s e a s o n a l  v a r i a t i o n s  i n  t h e  s t o r a g e  o f  p r o d v c t  o 
a r e  s i m u l a t e d  b y  
rows f o r  o = l ,  p  = 32,33,34 
f o r  0 = 2 ,  p  = 41,42,u3 
i n  s t  
- 
s t  
- t z  o u t  t z t I i f o  + t z t , i , o  t z t + l  , i , o  t , i , o  = O f f o r  t = 1 ,2  
i n  t z  - s t  s t  - t z  o u t  t z t - 2 1 i t o  + t Z t , i , o  = 0, f o r  t = 3  t , i , o  t - 2 , i , o  
S t o r a g e  BaZanne 
rows f o r  o = l ,  p  = 35,36,37 
s t  
t z t . i I o  - tii I 0, f o r  a l l  o  and i 10 
The o b j e c t i v e  i s  t o  maximize t h e  p r o f i t  f r o n  S iogas  and 
f e r t i l i z e r  s a l e s .  
[E* ( 11- I . t t  n , i  ) + 7 E X C n t t  t x  n , t , i  - 
n  I 1 n , E , i  
i n  L BEN ' y t , i I r  + 1 EXSTO t z t , i , o  + 
t , i , r  t , i , o  
1 EXSTo ' Out + 1 INSTO ' tii + t z t , i , o  i I o  
t , i , o  
1 (TRo TMST. 1 ' f z t , i t r I B  + l,!? 
t t i t r t ~  
(T% TRDSTi I P  ) f C t I i I o . p  I min 
t , i , o , p  
2 .  3 . 5 .  S t r u c t u r e  o f  t h e  M a t r i x  f o r  t h e  Model 
The matrix of  t h e  model w a s  based on t h e  system o f  equa t ions  
desc r ibed  i n  s e c t i o n  2.3.4.  I ts s t r u c t u r e  f o r  a  l o c a t i o n  P i  (i = 1 )  
wi thou t  t r a n s p o r t a t i o n  l i n k s  is  shown i n  Figure  3. 
The g l o b a l  matrix (F igure  4 )  i s  c o n s t r u c t e d  from t h r e e  
ma t r i ce s  P i ( i  = 1 ,2 ,3 )  w i th  t r a n s p o r t a t i o n  l i n k s ,  r e sou rce  and 
consumption c o n s t r a i n t s  added. A matrix gene ra t ion  program w a s  
w r i t t e n  (Appendix B)  as i n p u t  t o  a s t a n d a r d  program f o r  s o l v i n g  
linear-programming problems (e .g .  MINOS) i n  o r d e r  t o  p r e s e n t  t h e  
above s t r u c t u r e  i n  a  MPSX format.  The o u t p u t  o f  t h e  program i s  
presen ted  i n  Appendix C. 
DESCRIPTIOIq OF THE MODEL APPLICATION I N  THE SILISTRA REGION 
The c h a r a c t e r i s t i c s  o f  t h e  S i l i s t r a  r eq ion  a r e  p re sen ted  i n  
d e t a i l  i n  Balabanov ( 198 1 )  . The main c h a r a c t e r i s t i c s  r e p r e s e n t e d  
i n  t h e  model a r e  given below. 
For t he  S i l i s t r a  r eg ion ,  seven p o i n t s  were taken  as l o c a t i o n s  
of  r e s i d u e  c o n c e n t r a t i o n  and product  ( b i o g a s / f e r t i l i z e r )  consump- 
t i o n .  Out of  t h e s e  seven p o i n t s ,  t h r e e  were chosen a s  l o c a t i o n s  
f o r  t h e  d i g e s t e r .  The e x i s t i n g  t r a n s p o r t a t i o n  network was used 
t o  determine t r a n s p o r t a t i o n  d i s t a n c e s  and hence c o s t s .  The spe- 
c i f i c  c o s t s  o f  t r a n s p o r t a t i o n  w e r e  assumed t o  be 0.1 l v /  tkm . 
A t  each p o i n t ,  f o u r  t ypes  of  r e s i d u e  a r e  genera ted :  a g r i -  
c u l t u r a l  was tes  and p i g ,  p o u l t r y ,  and c a t t l e  manure. A l l  of  t h e  
r e s i d u e s  excep t  f o r  c a t t l e  manure a r e  t r a n s p o r t a b l e .  Four produc- 
t i o n  c a p a c i t i e s  were i n t roduced ;  see Table  1 f o r  consumption and 
o p e r a t i n g  c o s t s .  S ince  r e s i d u e  produc t ion  v a r i e s  accord ing  t o  
t h e  seasons ,  it is  de f ined  by t h r e e  pe r iods  : January-Apr i l ,  
May-August, September-December. The seasona l  p a t t e r n  o f  b iogas  
and s ludge  consumption a l s o  v a r i e s  s i g n i f i c a n t l y  ove r  t h e  y e a r  
(Table 2) . The convers ion  c o e f f i c i e n t s  CF ( j )  and FP ( f  ) w e r e  
based on t h e  produc t ion  of  1 03m3 b iogas  (F igure  5 )  . 

Kt- 
Table 1 .  Construct ion and o p e r a t i n g  c o s t s .  
Ind ices  
Annual c a p a c i t y  of  d i g e s t e r  
Sca le  6 3 (10 m / y r )  
100 50 25 12.5 
C a p i t a l  investment 
p e r  u n i t  of  product ion  lv/m 0.0529 0.066 (2.076 0.094 
T o t a l  c a p i t a l  6 
investments  10 l v  5.29 3.3 1.9 1.185 
Operat ing and 
maintenance c o s t  lo6 l v / y r  6.3 5.4 3.6 3.6 
Table 2. Seasonal  v a r i a t i o n s  i n  biogas  and s ludge consumption. 
6 3 B i o g ~ s  ( i n  10 rn ) T e r t i l i z e r  s ludge ( i n  103t) 
Location Per iod Per iod 
Residues 2 t  10 m 1- F e r t i l i z e r  
s ludge 
Figure  5 .  Sample balance of t h e  d i g e s t e r .  
Fuel and f e r t i l i z e r  p r i c e s  in f luence  t h e  des ign  of t h e  
d i g e s t e r  and hence i t s  l e v e l  of e f f i c i e n c y .  I n  o r d e r  t o  r e f l e c t  
t h e  l e v e l  of  f u e l  p r i c e s  i n  Bulgar ia ,  t h e  p r i c e  of  s u b s t i t u t e d  
f u e l  chosen f o r  t h e  model is :  250 l v / t  o i l  ( o r  1 1 1  lv/1,000m 3 
3 biogas  wi th  a c a l o r i f i c  value of 4,440 kcal/m ) .  Subs id ies  
f o r  producing f e r t i l i z e r  s ludge were e s t ima ted  a t  70 l v / t .  
A l l  t h e  i n p u t s  t o  t h e  ma t r ix  genera t ion  progrzm a r e  presented  
i n  Appendix A. 
4 .  ANALYSIS O F  THE RESULTS 
The s o l u t i o n  of  t h e  problem desc r ibed  i n  s e c t i o n  3 (Table 3) 
showed t h a t  under t h e  given resource  a v a i l a b i l i t y ,  cons-mption 
p a t t e r n ,  and s e t  of  p r i c e s  (Appendix A) , t h e  a p p r o p r i a t e  capa- 
c i t i e s  t o  be b u i l t  a r e :  
Locat ions  
6 3 Capac i t i e s  ( 1 0  m /y r )  360 75.1 77.7 
For l o c a t i o n  1 ,  biogas i s  produced only i n  t i m e  per iods  
1 and 3. The demand i n  t i m e  per iod  2 i s  n o t  s a t i s f i e d  because 
of t h e  high l e v e l  of investment r equ i red  f o r  s to rage .  
For l o c a t i o n  2 ,  biogas s t o r a g e  with  a volume of 
6 3 12.3 x 10 m e n t e r s  t h e  s o l u t i o n  and the demznds a r a  s a t i s f i e d  
f o r  a l l  t h r e e  pe r iods .  The same occurs  a t  l o c a t i o n  3: bio-  
gas s t o r a g e  with  a volume of 9 . 6  x 106m3 e n t e r s  t h e  s o l u t i o n  
and demand i s  s a t i s f i e d  i n  t i n e  per iods  1 ,  2 ,  and 3. The raw 
m a t e r i a l s  from p o i n t s  1 ,  4 ,  5 ,  and 6 a r e  t r a n s p o r t e d  t o  loca-  
t i o n  1 f o r  process ing .  The demand f o r  raw m a t e r i a l s  a t  t h e  
0 
0 d et 
m " ' 6  
N u l  
o t h e r  two l o c a t i o n s  is  s a t i s f i e d  by t h e i r  own re sources .  In  
o r d e r  t o  f u l f i l l  t h e  demand f o r  f e r t i l i z e r s ,  s t o r a g e  f a c i l i t i e s  
3 
a r e  b u i l t  a t  l o c a t i o n s  1 ,  2, and 3 with  volumes of  5 6  x 1 0  t ,  
3  3  18.3 x  10 t ,  14.5 x 10 t,  r e s p e c t i v e l y .  
The f e r t i l i z e r s  produced a t  l o c a t i o n s  1 ,  2, and 3  a r e  t r a n s -  
po r t ed  t o  t h e  p o i n t s  o f  consumption, a s  p re sen ted  i n  Table 3,  i n  
o r d e r  t o  s a t i s f y  demand. 
The s o l u t i o n  shows t h a t  c o n s t r u c t i o n  of  t h e  d i g e s t e r s  i s  
c o s t  e f f i c i e n t :  whi le  t h e  sum of  d i scounted  c a p i t a l  investment ,  
operat ing,maintenance,  and t r a n s p o r t a t i o n  c o s t s  does n o t  exceed 
6 1.9 x 10 l v / y r ,  t h e  annual b e n e f i t  i s  i n  t h e  o r d e r  of 2.2 x 
6 1 0  l v .  
3 z p E N D I X  A: INPUT FILE . 
c a o a c i t l e s  C 4 ?  (i), i=! ,A 11 2 - 5  .n-3 'b ia  q a s :  
l;;.SO 5:.:C 2 3 . 3 1  12.5 '2 
c a n w a r t i o n  f a c t s r r  o f  r s s ~ d u e c  C = ( i ) c 1 . ? - 3  + 3 n / l C * s  ,n*3 b i s  S a i l  
2 .SG 2 . 7 5  2.11 1  . ? 3  
f a ~ t i l i z a e  p r o C u c t i o n / r a s i 5 u e  = ? ( f ) ' l Z = j  t/l.:*o n - * j  b i s  g a s !  
1.31 1 .31  1  .Z1 1 .31  
lnussiaanf f s r  L A ? ( ~ ) - I \ u ( ~ ) C ~ ? = ~  lavs/instalation:*E(2.12) 
6 3 4 . 3 C  3 i 5 . J C  ???.,: ,I  1L2.23  
J L V  c n s t s  p e r  f a u r  n o n t s  9 a r  C P ? ( i ) - 5 ~ T , ( i ) Z l 2 * 3  l v / p e r :  
Z.L 1 . 2  ? .? 1  . I  
. ~ b a n s f r t - 3 i X = ( .  ? ;3Cl , r11C*3 a*?; t t C ( j )  : + / ; ; * 3  ? l * ? : ? ? = L l v / t ;  ) 
- 7  b d d .  J -223 :3  - 2 . 7 3 . 3  - 2 2 3 . 9  
- . - l L Y . ~ a s t -  f 3r ~ i a - - ~ a s - ~ r o ~ 3 s ~ i n / ~ u t -  a f  t 2 9 .  s t a r , - S T 3 5 C l v / l 0 * 3  m * 3 3  
9.13  
- . Z Z : l - c a s t . . t a r _ f = r A d k e r  p r s c o ~ F n / s ~ - t  of t n a  s t o r , S T C  t l v / ? l  
3 .22 
. ~ i n u e s t s e n t .  -.f cr i;L.;as. i ? s r t ~ j - I ! J 2 . i j T  ~ L v / l 2 * 5  .z*3?*5 ( 3 - 1  2 2 
9 . 3 0  
-inwestment-for f - o r t r l i z s r  - i t 3 r aga - : !dFST C l v /  t l  * E  (C-12)- - . 
5 . O G  
- :ost.'af--tr-anspcctatran - o f .  h i s .  j a ~ - T 7 S T , - ~ l u / 1 ~ * 3 - - ~ * 3 . ! < m !  - .
2.00 
--cost-.sf . ? r a n s p a r t a t i a n  af r a s i d u a s - T ~ ; Z ~ ~ v / : . k ~ ;  - - - - - -  - ~ -  
3.10  
- - t r a n n g a r t a t i a n  _ais . tanccs . b ~ t r u z a n .  * a ,  a c i c k - ~ ? ; ~ ~ .  C k n l  - .~ 
p o i n t  1 2 3  i 5 5 7 
- I - .  - 1 1 3  1 . 1  1  3 . 2  .13.13 
2 14.3 5.7 13.: t 1 . J  29.3 12 .2  3 . 2  
- l - - I  L.2- 13.A.- 2 &Z-- L7 dl . 2 i*G-  1  1  5 1  C&& - 
p r o d u c t r o n  s c e d u l a  s f  t h e  r e s i d u e s - P ? S C Q  C 7 3 * 3  t / t i , ? t e  c a r i o d l  
-sclht-:=1. 2. -- - 3 . 1- - 2 -- 3 . . . I  . . 2 - 3 1  Z 3 
1  33.5 0 . 2  33.5 2 . 5  2 . 5  0 . 6  5 . 5  0 . 5  C . 5  4 J . 5  41.4 41.0 
-.-2 2 2 2 7  9.5 .i.5 3 . 5  4 2.4  . Z . 4  2Q.1- 2 9 . 2  23.3  
3  2 2 . 2  0.0 2 2 . 2  6 . 4  3 . 4  0.: 3 . 3  J .3 3 . 3  37.5 37 .3  37.5 
. 4 . .  G .  2 . .  0.3 3 .  2 2 -  3 2 . 13.2 3 7 - 7  Q . 3  31.7 
5 3.5 0.3 0 .3  3.0 9.2 3.0 3 . 3  9.1 3.3 1 5 . 5  0.3 1 3 . 5  
- . S - 2  2-3 2.3 S.0 2.3  2 6 , l  a . 2  25.1 
7  3.C Z.3 C.2 3.3 2 . 2  2.:  C.2 3 . 3  O.C 2 6 . 1  0 . 3  25.1 
c ~ n s u n n t i o n  s c a a u l ? .  f o r  t n z  b i o  3 a s - C S C Z C  ' 7 2 * 6  ~ * 3 / t ~ ( n e  ~ a r i g d l  
P O L K t  t = l  2  7 
. - . -.I 122-ZG. 52-30 1 i3.Z; 
2 1 2 . 3 2  3 . 3 3  t 3 . L :  
3 16,3C. & , L C .  35.33 
I 
* g. I z.3 3 . c  
. 5 .  9.2 . Z 4 J  3.:  
6 3.5 0.0 1 -.- 1 
7 - 0 . 3  - 8- Y t w  19 . 3 .3  
c o n s u m p t i o n  s c s d u l e  f a r  t h a  f a r t i l i s z r - C S t f  C l O * j  t i t i m e  p ? r i o d l  
- -  p o i n t  - -  t.=l .- 2 . j - . . f  
1  2 1 . 6 3  7 . 2 2  3.0  
2 - 1-3.23 6 . 2 3  0 ..I 
3 1 4 . L O  C.?C 2 . z  
....... 6 . . . .  - i g . 2 3  0.33- - 3 . 8  - -  - 
5 1 2 . 1 C  C. 3 0  C.3 
. 3 .  - -  - 16.33 5 . 5 C  0. 
7 1 6 . 3 3  5 . 6 9  *2 . 3 
A P P E N D I X  B: .MATRIX G X N E F A T I O N  ?ROOMI . 
t m a t r i x  q o n a r s t o r  f a r  t 2 o  a n a r ; y  f r a ~ n  r o s i c s 3 s  2 0 5 3 ;  
s u h r o u t i 3 e  r i n p l t i n f )  
i n t o p a r  i 
raa;. i n f  ( L )  
r a ; d ( l , 3 5 :  ( i n f ( i ) , i = 1 / 4 )  
u l r i ? 3 ( 5 , ? 5 )  ( l r i f ( i ) , l = t , * )  
I c o n ~ ~ n u s  
95  f o r s = t ( / s f ? . l )  
a n d  
. c .--skFa.nr3~raa.. . . . . . . . . . . . . . . . . . . . . . . . . .  - . . - . . . . . . . . .  ~. . 
intaper i,k,t,r,p,3/1 
- --.chir_2.~sc*1-n~.U)-~ra;~~U).~c~1(2l~.FiCX ,11-Clrl. cLtl,itC1) ,ic ( 2 1  
cnaracter*Z rl(bb),rc(Lj) 
r 2  a a . u  nl.;r,ukmVbULd.i*Adi_?a.:-lnfst. . . .  --- -- ... - .. - . . . . . .  
real trbsttrr 
. . . .re.alc.ap (4)1..d.CW1-fp(.W 1 i n u c C i L e x c  ( 4 1 ~ h ? n L L , L  trdst(317) 
recl ~ r s c r ( 7 ~ 1 ~ ) ~ c s c b ~ ( 7 ~ 3 1 ~ ~ ~ c f ( 7 ~ 3 ~ ~ c t r b q ( 3 ~ 7 ~ ~ c t r r s ~ ~ , ? ~  
U a . -  - - . ---- -- . - -- . . . -  
un=l .il 
. ... - -  . - . .  . __laLln=_?l,rl --. -. -- - -. - -- -- - - -
!ntr=-3.2 
. . . .  a n 1 . . . . .  - - . . . . . .  
data ro~s/*~','r*,'c0/ 
-- - - data col/'t','fO~'u'/ . 
data ii/'1','2','3'/ 
. . . . . .  data fr/'l*~~Z',03'l'4~/ 
ddti ip/'1','2e,'3',0~','5',':*,*7*/ . . 
. data it/'l'r82'r'j'/ 
data i3/'l ' , ' 2 ' /  
- .  data il/'Jl ' , ' C 2 ' , ' ~ 3 ' , ' : ~ 4 ° , ' 3 5 ' , ' ? ~ ' ,  - - 0 ~ ~ 7 a , ' C ~ 0 , ' ~ J a , ' 1 . ) * , ' 1   ' 
i ,012*,'130,014','15',0? 5 ' )  *17*,'1~',*1~~,*~~', *zl 0,*?2',022', 
. . L . ~ 2 4 0 ~ ' 2 5 ~ ~ ' 2 ~ ' ~ 0 2 7 ~ ~ ~ Z 3 ' ~ * ~ ~ * ~ ' 2 ~ * ~ * ~ 1 0 ~ ~ 3 ? ' ~ ~ 3 j 0 ~ ~  j4.,'3Sa, 
J '36*,'37','~3o,03~*,*~@','L1',*L20,*L~*,'LL',0Lj' 1 * & 5 . /  
. data.icl.0~l'~'~2*r'~~',e]4',"C'.' + - ,]5*,*37*,.-~~ -  ,*c~a,*l~O,'l 1 
b ,012',a1?','1&'~01 j','15~,'1?',01~0, *lC',O?C', '21°,'22','230, 
. i ' 2 4 ' , ' 2 5 ' r ' Z 6 ° , ' ~ 7 ' , ' ~ C , 0 , ' i 9 0 , ' ~ 2 0 ,  '31 * I * ? ? ' , '  j3*,034*,'j5', 
3 *35*,'37',*~3', "3 '  >, , * 4 ~ ' ~ * L 1 4 1 a & ~ ' , ~ L ~ ~ , 0 L ~ ' , * L ~ ' , ' ~ j ' , 0 L f 0 ,  
i 'Lf'/ . . 
c fils dsfinition 
- .-o;enL?, fi1s='.sil,nat'L - . - . . . . .  ...... ... 
open(l/file='insil') 
C- - . - -...-...... - - -. .--. .  - - - - . . . . .  - -. .. - . - . - - - 
c read t h e  iqputs 
- -  - .. -cdl-.ci..zpl ( ;op: . -~-  - .. - ...... - ... - .  . . - . 
call rinc1 (:f 
-- .- -- ..... . . . . . - - . . . . . . . .  . .  . . . . . . . .  caL.1 rinal. (f 7). - . . - 
call rinof(invc) 
. call..r.inll (3x.c) ...... - ... . . . . . . . . . .  - .. . . 
call ring1 (sen) 
. . .  - . . . - - - . . . . .  .--....- . .  call. r i n g 2  Estbg) - 
call rina2(itf) 
. . . .  - -- - . .  . . . .  ce: j rin~Z(lp$gs:>. - - .- . - .~ . 
call ri,isZ ( ~ n f  st!
. . . . . . . . . . . . .  call - r i n p 2  (tracj) - - - -  - - - - .  . . 
call rinc2(trr) 
. . . -caLL. rinc3.Ctrds:,7,j). - - -  . ~ . . .  . -~ . . . -  . . . .  
cali rino!<7rscr,l2,71 
. . .  . . - . -.  - - -. . - t a l l . . r i n c L  Ccscb;) - -_. :, - -. - - 
call rinpLtcscf) 
-. . . . . . . . .  .. . . .--......-. . . . . .  .-.. . . . . . . . .  
- form ths rcatrix 
. .... srite ( 7 , 1 3 3 1  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . .  - 
C r5us 
. . . . . . . .  ........ 
-. . . . - . . . .  . . . . . . - . . .  . . . . . . . . . .  .. vrita(Gr.2C3>. -. -. - -  - - 
urito(9,25J) 
... . . . . . .  . ...- . . - . - .  . . - -  . . .  do. 6. i r-3.. - -- -. - 
d 3  5 k=lr16 
. . . . . .  . . .  -. .... ---if (k.eq.1 3 )  t h e m - -  ~. . . . .  
arita(?,?55)ne(2),rowstl),i?(k) 
+ise -. . ... . . . . - . .  . - .. - . . .  
writa(~~Z55)no(l),r~ws(l),ii(i),il(k) 
- . e n b . f  . . .  -. .... - - . . . . . . . . . .  . -  . .  
5 continue 
~ r i t 3 C ? , l S S ) n a ( 2 ) t r s ~ s ( 1 l 1 i i ( i l ~ i 1 ~ 1 7 )  
do 7 k=l j r 2 . 3  
- .  . - -. - u r i t a ( ? 1 2 5 5 ) n e ( 3 1 1 r c ~ ; 1 s ( 1 Z r i i ( i ) , i l ( ; < )  
7 continue 
. l u r i t a ( 9 / 2 S 5 ) n e ( Z ) . r a s s ( 1  ),.ii(iI,i:(ZI) 
do .$ k=22,24 
u r i t a ( ? , 2 5 5 l n o ( 3 ) ~ r e u s ( l ) / i i ( i ) , i l ( k )  
a continue 
u r i t e ( 7 ~ 2 5 5 ) n ~ ( 2 ~ ~ r c u s ~ l ) l i i ( i ) ~ i ~ ~ Z 5 )  
do 10 k=2bl2S 
urita(9,255)ne(3),rous(l) ~ii(i)/il(k) 
10 continue 
do 11 4=29,3L 
u r i t e ( 7 , 2 5 S ) n e ( 3 ) ~ r o ~ s ( l ) ~ i i ( i ) 1 i l ( k )  
4 4 continue 
do I2 k=?5/37 
u r i t a ( 3 ~ ; 5 S l n e ( f ) / ~ o w s ( l ) ~ i ~ ( i ) ~ i l ( k )  
12 cant inue 
do 13 k = 3 ? ~ 4 3  
w r i t e ( . q , ? 5 j ) ? s ( 3 ) , r e , u s ( l  )~ii(i),il(k) 
- 13 - - -  . continue . . . . . . . . . . . . . . . . . . .  . . . . .  
do 14 k=C-,L6 
.... .uritaC?,2SjLna(~l , F ~ w c ( ~  ,ii(il,iL(k) . 
1 L continuo 
5 continue 
d 3  1 5  t=i13 
. . . . .  d c  1.6 r=2,L . . - .  
do 17 p=1,7 
~rFta(3,Z56)n~C2!,ro0s~Z)1it(tl1ir(r~1i~Ca~. 
17 cantinus 
. .  
. lo coatinua. . - -  . 
do 13 o=1,2 
an-19 p = l r 7  -.. . . . . .  . . . . . .  . . .  
urite(9,255)ne(Z),ro~u~(3)1it(t)1i0(3)1ip(~) 
1 9  . cantinue . . . . . . .  . . . . 
12 con tinu? 
9 :  
... .. - -  ,.,. -. .- . m a t i n u 3  -- ..... ..... .... ~. ...... ..-. ~ 
. . . .  30 23 i=1,3 
d; 21 k=1,L 
. - . urFta(5,,3:3)c:lCl ) , F i C l )  ,i=(kl,lnvcCk) 
if (k.2~. 1 )  tn?n 
- - .  -.w.cLte(?tLS2)~3L.L7 ) r i i C i L , i . c i k : , r : : * u 5 ( 1 )  ~ i i ( i )  riLC? ),css(71 I 
i rows(l)~iiCi),il(?),ca~(l; 
- -. . . . ~ r i + ~ ~ , 4 ~ ~ ) c ~ L L l l , i i ( i ~  ,izC!c),?=.~s(l) ~ii(i),iLC?),cac(l), 
2 rows(l),ii(i),i1(13),-1.2 
. .  . - d s d f  Ck.,a~,2) tnen. .. -. - -  . . . . . . . .  - - . . . .. 
urita(9,b5Cl)csl(l ),ii(i),ic(I<),ro~s(l),ii(~),iL(4),~~~(2), 
?, ..r_au.sCll~A.Ci) r 1C5 LC In C21.. - . . . . .  . . . . .  - . . . . . . . . . . . . .  -. 
u r i t e ( ~ ~ 6 5 0 ) c o l ( ~ l ~ i i ( i ) l i C ( k ) ~ r a ~ s ( l ) l i i ~ i l ~ i ~ ~ 5 ~ ~ ~ ~ ~ ~ 2 ~ ~  
. . . . .  - ... L. 0 1 i . U 3  -1.2 . . . . .  -. 
else if (k.sa.3) thsn 
--.---juriteCP~rJ.2LcolC.Ll~iFCil ,ic.CkLtrows Ctl t L C i l ~ i l ( Z 1  ~ c n p  (33 1 
3 rsus(1 ),ii(i),il(S) ,ca=(3) 
~rit~C?.~.43",caLCl)~ri(il.~ic~kL~rc~s~1)~fi~i~riLC31 / = a s ( : ! ) ,  
3 r o u s ( l ~ , i i ( i ~ ~ i 1 ( 1 3 ) , - 1 . ~  
w r i t ~ ~ ~ ~ ~ 5 ~ ~ c o l ~ 1 ~ ~ ~ i ~ i l ~ i c ~ k ~ ~ r o ~ s ~ 1 ~ ~ i i ~ : ~ ~ i ~ ~ l 2 ~ ~ c a ~ ~ ~ ~ ,  
. . 5 ---rows(Jl,i~(r2 tiLC7 3 ; , - l L 9  . . .  -. 
endrf 
-.21 - _.----can t i n u e .  - . . .  ~- . -. - _.. . -- . . .  
-. 
do 23 k=50l6 
.- . --..--if Ck . e.a. 5 1 t.r~en . -  .. -- . . -. -. 
.- - 
p=l 
r=14. - . . - -  .. . -~ 
. . . . . . . .  - . 
- -  . .  
o= 1 
- - _ else if (k.ea.21 thsn 
p=4 




_.. -- -. . _ . r=1 4 
o r 3  
. .- . else. if ( k . a a . 2 )  tnzn 
p=1G 
- ... r=14 . . .  
0 =4 
. . . .  
_-..-- else .if ( k . - ~ ~ . r ' )  then 
P = 2 
. r= 1 f . - . 
c = 1 
. -  a l s ~ i f  ( k - ? ~ ~  121 then 
p = 5  
. . . . . . . . .  r=15 _- . . -  . . - ~  . . 
c = ?  
. r l s s  if Ck,sa. 12) tnen . .  ~ . . 
? = J  
r.= 1.5. -. -. . . . . . . . . . . . .  . . . - .  
0=3 
. .  . . 
- - - . ~ l s e  .if (k,s:. l2) %?.an - .  
P = l l  
. ~.~ - .. - r=15- ~ . . 
0=4 
.31S? L f ( k * 2 q . l : ) : . c s n  
2=: 
r=i :  
0 = 1 
- . - - . - - .- -. e i r c ~ f  ( k . a q . i L )  ;nzn . . 
0 = 5  
_r = 1 6 - - . . . . .  - 
o =  2 
3lsa if (;c-.da.?5)tn?n 
p = Q  
. . . .  . - .... r = l  c. . . . . .  
o=! 
el .54 -.--- . .  - -  ... 
p=12 
. .  J -= I . j  - - . . . .  
0 =4 
- - - . . . . .  . . . .  . .  . endif -. ..-. . . 
urito(?,35i)c~l(l ),ii;iJ ,ic('<J,oxc(s) 
.- . - -  urita(9~45Jlcal C?leii(iJ ,;:(!<I ercus(l )fii(i) fil(3lt-:.3J/ 
i r o u s ( 1 ~ , i ~ ( i ) ~ i ~ ( r l ~ l  - 2 2
. - . .23 . . .  can  tinus . . .  .... - -- - . 
do 25 k=17/?3 
..... -..if Cair,171 than . . 
1 = 1 
. . . . . .  rs .1  6 -- . . . . - -  - 
p=29 
a = 3 3  
3lse if (k.aq.1 9 )  t5en 
1 = 2 
r=1 L 
- -  p't9 - - - - -. . --- 
0=33 
3Lse if (k.aa.l?) tho? 
1 = 3  
r=lr 
P = 2 9 
a=3R 
9 1 5 4  if(k.ou.2Cl)tnon 
1 = 4  
r=14 
. . .  . . . .  p = 2  3 
o='jSi 
. olsa if ~k,e~,211 then. 
1=1 
r=15 
p = 3 G  
. - -  -. 0=.33.. .. . . 
else if(k.sq.22)then 
... .... - .  -. - - 1=2 -.. .- . . .  
r=15 
. . - - .. P=30 .. - -. . . . - - .- . - . - 
0=39 
~- else lf (kdq.23):han 
1 = 3  
. ... ... . - ---.%S-- -- ------ - - -- - ... -- - - - 
~ . - - - - -. - 
s = 3 G 
. . . . .  .- --. . _.0=33 . . . . . . . .  . .  - .  - . .  
. . 
e i s e  if (k.sq.2L):hsn 
- 1 = 4  . 
r=15 
p=33 - . . . .  . - . . 
0 = 353 
e l s e  if ( k . a z .  2 5 )  t r a n  
1  = 1 
... r=1a . -. . 
3=31 
0=4; . -  . - 
oiss L f  (k.as.25) tian 
1 = 2  . . .  
r=16 
.... - _ . -- . - -  p=3L - .. - .- . . . . .  -- . . . . .  
- . -  
c = 4 S  
- . .else rf (k.aa.27):hzn -- -. . -  . 
1 = 3 
. . . .  r=30 
p=31 
. _. - --a=4.0 -. .- - . . . .  . . . . . . . . .  - .. 
else 
. .  - 1=4-- _-  -. . - . . . . . . . .  . - . . . . .  - 
r=l5 
. . .  p=i1.. .. - .- -. - - .- . . .  
0=40 
.- andif - -- . -. - - - -- --- - . -- - - - - - - . . . . . . .  
w r i t e ( 9 ~ ? 5 ~ l c o l ( l l ~ i i ( i ) l i c ( k ) t 5 e n ( l )  
---writzC?~~QlcaL~1~~iiCi) ,icClrZ~rousC2 ltii (il~il(r) r-1.3, - . . 
2 rous(l),ii(i)lil(k)rcf (1) 
- u r i t ~ C ~ ~ 4 ~ ~ l c ~ l ~ l l ~ ~ i ~ i l ~ i c C k ~ ~ r ~ u s ~ 1 ~ ~ i i ~ i l t i ~ ~ ~ ~ ~ 1 . ~ 2 ~  
r o w s ( l ) ~ i ~ ( i ) ~ i l ( o ) t f ~ ( l )  
26.  - -  cantinu3 . . .  
p = c  
- - d o  2 9  k = 2 9 # 3 1  - - -. 
3=29+p 
. .  . -  - - . 1=32tp.- . ... . ~ 
u r i t e ( 3 , 3 5 S ) c ~ l ( l ) , i i ( i ) ~ i c ( k ) , s t ; ~ g  
. -. . - - w r i : a ~ 9 ~ 4 5 S l c o l ( ~ ) , i i ( i ~ ~ ~ ~ ( k l ~ r c ~ s ( l ) ~ i i ( i ) ~ i l ( o ) , - l . J ,  
b rau~(1 ),ii(i) ,iL(i),l .! 
D=F+I 
2  3 continue 
urite(?,~jGl~cl(l )~ii(il,~:(~2l,~owi(l ),ii(iI,il(j2),1 .I, 
2 raws(l),ii(i),il(IC)~-l . S  
. . .  ~ r i t ~ ~ Q ~ ~ 2 ~ l c c l ~ 1 ~ ~ i ~ ~ i l ~ i c ~ 5 2 ~ ~ r o u s ~ l ~ t i i ~ i ~ ~ i l ~ 5 5 ~ ~ 1 . ~  
u r i t ~ ( 3 ~ ~ 5 J ) : a l ( l ) ~ i i ( i ) ~ i : ( 3 3 ) ~ r o ~ s < l  ),ii(i),il(j?),-1 .3 ,  
_ ._ _ _  !, roasC.1 l,ii(il ti1(35)81.G . . 
~ r i t e ( ~ ~ 4 3 3 ) c o l ( l ) t i i ( i ) , i c ( 3 ? ) ~ r o ~ f ( l  )~il(i),il(35),1.? 
. .  ---.-._-.nrite.?~453LcclCl)riiCil1ic(3il /rods(l )/ii(i)1i1(33) 8-1.31 
0 rous(l),ii(i~,il(3~),1.3 
~ ~ ~ i * L e C ? ~ 4 3 3 l t ~ 1 ( l l ~ i i C i ~ ~ i t ( 3 L ~ ~ r ~ u ~ L l ~ ~ i i ( i ) ~ i 1 ( 3 t ~ ~ 1 . 3  
p = 3 .  
-- - d o .  . -3.C.-.k =..3 5-r .?.7 ........ - -- .. ---- ............ - . -- . . . . . . . . . . .  . -. 
0=29+p 
-- . - 1 = 3 2 + o .  . . . . . . .  . . . . . . .  .~ 
~ ~ r i t e ( ~ ~ ? S ? ) c o l ( l ) t i i ( i l ~ i c ~ I O ~ s t ~ g  
- - - - ~ - - . - u r i t a ~ 3 ~ 4 5 3 ) c a l ( l l ~ i i ( i l ~ i c ( k ! ~ r ~ ~ ~ ~ ( 1 ) ~ i i ( i ) ~ ~ 1 ( 0 ) ~ 1  . t t  
2 rows(l),ii(i)~iL(l),-l.J 
- P . _- . - . . . . . . . .  - ... - ....... . -. -.  . 
3 0 continue 
~ - - . - . - . - . 
p = ;  . . . .  
. .. -- . . - . . . .  . . - .  . - .  . 
dc 31 k=32,L3 
. . . .  .0=32+~ . . . . . . . .  
l=Ll-2 
..... . -  . u r ~ t ~ C ? ~ ~ 2 l c = L ( l ) ~ i i C i I  ,ic(!<) t s : ?  
U ~ ~ ~ 9 ( ~ ~ ~ ~ ~ ) ~ 9 ~ ( ~ ) ~ ~ ~ ( ~ ~ t ~ ~ ( ! < ) ~ f 3 w S ( l ) ~ ~ ~ ( ~ ) ~ ~ ~ ( 3 ) ~ - l . ~ ,  
. fJUScl),~(l~,il(~~,! . g  - . 
p = ~ + 1  
.. 3 I-. _ -  - -.*2nua .- . ~-~ -. 
u r i t e ~ ? ~ ~ 5 ~ ~ c o l ~ l ~ ~ i i ~ i ~ ~ i c ( 4 l ~ ~ r a ~ u s ~ 1  ),:iCi),~lCAl),i.2t 
. . . .  i.- r~~i(ll,i2Cil ,LlC&j),-l - 2  
~ r i ? ~ ~ ~ ~ ~ J ~ ~ : a l ~ l ~ ~ ~ i ~ i l ~ ~ c ~ ~ l ~ ~ ~ ~ ~ s ~ l ~ ~ ~ i ~ i ~ ~ i l ~ k ~ ~ ~ ? . ~  
. - urite(9,CS~lca~ C?l,ii(i> ~~:(42l,r0~i(l),i:(~),i~(~1),-1.2, 
2 ra~s(l),ii(i),il(k2)~1 .J 
. ueitaC3,4JC)cai(? )~ii:ilti:(42l,~c~~(7 )~ii:i)~i!.<L51~1 . Z  
u r i t ~ ~ 9 ~ 4 5 2 ~ c a l ~ l ~ ~ i i ~ i ~ ~ i c ~ ~ j ~ ~ r ~ ~ s ~ 1 ~ ~ i i ~ ~ ~ ~ i ~ ~ L ~ ~ ~ - l . ~ ~  
. . I rous(l),iiC~),F1C43),1.; 
u r i t ~ ( ~ ~ 4 J 3 ) c s l ( l ) ~ ~ i ~ i l ~ i i ~ ~ 3 ~ ~ r c ~ s ~ l ~ ~ i ~ ~ i ~ t : l ~ ~ ~ ~ ~ 1 . ~  
.... p = z  . ~. . .. ~ 
ao  32 k=LCtL3 
- - .. -. . ..-.a= 3.3+ e -. .. . ............ - . . . . . . . . . . . . . . .  .- . 
l=Ll +p 
. . .  urit3C9,353lcsl(l),ii(i),ic(!~>~s:f 
u r i t o ( 3 , 4 5 ~ ~ ) c o l ( l ) , i i ( i ) , i : ( k ) , r o 1 ~ ( f ) ~ ~ i ( i ) , i ~ ( o ) ~ l . ~ ~  
- -. -. -. 3 .  raus(1 L i i  Cil t-il( 1) # - I  .J . . . . . .  
Q = P + ~  
32 continue--. - . -- . . . . . . . .  -- . -- ....... .... . . .  
arite(9t353)col (l)tii(i) ,ic(L7)/inbsst 
- - . .  - .- . - . ucitoC9&.53Jcol(l )~ii(i)+ic(47),raus(1)~ii(i)ti1(35) r-1.2, 
rows(l),ii(i),i1(30)~-1.3 
. . .  uritsC3,LC2lczl(l>~ii(i) ~ i ~ ( C 7 ) ~ r o u s ( l : l i i ( i ) t i 1 ( 3 ? )  .-I . 2  
write(3,!5S)col(~)~ii(i)1ic(CE),infst 
u r i t e ( 9 , 4 5 3 l c o l ( l ) , r i ( i ) ~ i ~ ( L 3 ) t r o u ~ ( 1 ) ~ i i ( i ) ~ i L ( ~ ~ ) ~ ~ 7 . 0 ~  
b rafus(l ),ii(~),il(45)1-1.9 
u r i t ~ ~ 9 ~ 4 ~ ~ ~ c o l ~ l ~ ~ i i ~ i ~ ~ i : ~ ~ ~ ~ ~ r o ~ ~ s ~ l ~ ~ i i ~ i ~ ~ i l < ~ 5 ~ ~ - 1 . ~  
2  0 continue 
do 33 i=1,3 
do 34 p=1,7 
ctrbg(ir?)=trdst(i,~)=:rb; 
ctrrs(itc)=~rdst(itp) . t r r  
7 I. c-ntinue 
writ~(6,?9)(trtst(i,c),p=117) 
urite(5,F:l (ctrbg(i,c) ,p=1 17) 
writa(5,33) (ctrrs(i,p),~=117) 
3 3 cantinue 
c trans~ortatlon part of tqe ~ o d a l  
do 35 t=1,3 
do 36 i=1,3 
. do 37 r=i,; 
do 33 p=1/7 
write(9,355):c1(2)~it(t)~ii(i)~ir(r),ip(s),ctrrs(i,~) 
if (r.eq.2) than 
- .  - .. .- 1=1 a . -  - ..- - -  
elso if (r. aq.3) than 
. . - .. - . 1.s 19 - - . . . . - - . . . . . - 
else 
1-=2& .---. -- .. -- - -. . - -- - -- - - .  -- . 
endif 
r v r F t o L 9 ~ . 5 S @ ~ c o l C 1 l c i ? - ~ t ) ~ i L ~ i ) ~ i r ( r ) ~ i ~ ( a ~ ~ r o v s C 1  Itii(i),il(l) 
Z , - 1 . 3 0 , r o w s ( 2 ) ~ i t ( t ) 1 i r ( r ) ~ i ~ ( c ) 1 1 . ~ C  
28 .- csntinua . - - - . . 
37 continue 
. .. --- - -do-39 -o;l r 2 .. - - .  
ao :O p=1,7 
. . - .  if.(a,aq,l.)??sn 
c u r i t e ( = , j 5 5 1 c 3 i ( 2 ; , ~ r < t )  ,ii(~) ,i7(3),i3(c),ctr23(i,2) 
if(r.a;.l)tnan 
writs(9,557):~i!3),i?(t),ii(i),i~(~)t~c(c),rc~~(l)~ii(i), 
- - -  & .  u ~ 2 ? ~ , - l ~ l ~ # r 3 ~ s ~ ~ l , ~ t ~ ~ ~ , i 3 ~ ~ : , ~ ~ ; c ~ , l  . s 9  
else if(t.?~.2ltSsn 
- . . - . . -. - - - writs (?t S53)colC3),it :t) c:.i(i) t l ~ ! a : , i a C ~ > ~ r : ~ ; r s C ? . ) ~ i i : i ) ~  - -  
L il(3Cl,-l . 2 2 , r a u s ( j )  ~ i t c t )  ~ i o ( a ) ~ i z C ~ )  11.2:2 
. -. _. . .el s e 
u r ~ ~ ~ ( ~ ~ ~ 5 ~ ) c : l ( ? ) ~ ~ ~ ( ~ ) , i i ( i ! ~ i o ( : ) ~ ~ a ( o ) ~ r ~ ~ s ( 1 ) , i i ( i l ~  
i il(5il~-l s Z 2 , r ~ ~ ~ ~ ( 3 l , ~ t ( t ) , i 3 ( ~ ) , i ~ ( ~ )  ,I 
endif 
SLS? - 
~ u r ~ t s ( ~ , 3 5 5 ) c ~ l ( j ) , i ~ ( t ) , i i ( i ) , ~ a ( a ) , ~ g ( ~ ) , c t ~ r s ( i , ~ )  




w r ~ t a ( ? ~ 5 5 3 l c a 1 ( 3 ) ~ i t ~ t l ~ i i ( i ) ~ i ~ ; c ) , i c ( ~ ~ ~ r ~ u ~ ~ ?  ) / i i < i l ~  
b il(3~)~-1.92~ro~s(2)~i:(~),i:(:),~a(c),1.22 
. .- ... e l s e  . . 
w r i t e ( ? ~ 5 5 ~ ~ ) ~ 0 1 ( 3 ) ~ ~ t ( t ) ~ ~ i ( i ) ~ i ~ ( ~ ) ~ i ~ ( ~ ~ ~ r ~ ~ s ( l ) ~ i i ( i ) ,  
-- - - - - -. 
- . .  
! C ~ L ~ - 1 - 3 ~ r 3 ~ s C 3 L , i - : ( t ) c i o ( c l , i z ( g )  ,l-,ta- - - -  - - - 
endif 
endif _ .. . .. . .. -. - .  . . ..... .. - _  _. 
4 i2 continue 
-- 3 9 c.sntinue . - - 
3 6 continue 
35 .. -. -continue - . - 
c write 9-1s 
urita(?#5S3> -. 
do 41 i=1,3 
. . . witeL?,735)r?u(l),ii(r) tF1(13)t-l .;: 
urito(?,733)rows(l ),ii(i),i1(17)1prscr(i,l) 
. -. uite(3,?S3)rours(l)~i~(i)cil(2l)~crscr(it2) 
u r i t o ( ~ t 7 3 3 ) r ~ u s ( l ~ ~ i i ~ i ) ~ i 1 ~ 2 5 ) ~ ~ r s c r ~ ~ ~ 3 ~  
L 1 ront inue 
do 4 2  t=1,3 
.do 43 r=2,: 
dc L4 p=l ,t 
- if ( r - a a - 2 1  t50n 
1=t+3 




. endif - .  . ~ . - 
rrits(9,75l)r~us(Z)~it(t)~ir(r)1ip(~),orscr(c,l) 
- 4 . 4 .  continue . . 
43 continua 
do C5 0.=1 r 2 -- -- .- - - - -  - -  
do 46 p = l r 7  
if (q.aq.1 1 then - - -  . . 
- .- -  -- -. - -- . - . . 
urite(9,75J)rous(3),it(t),ia(~),ip(p),c=cbg(~~t) 
_-- - e l s e . -  .. -. - - --._.- ..-- - -  .- . - . . . .~ ~
u r i t e ( P ~ 7 5 2 ) r o ~ s ( ? ) ~ i t ~ t ~ ~ i o ( ~ ~ ~ i ~ ~ ~ ~ ~ c s ~ f ~ ~ ~ t ~  
-- .-one i f -  - ... - .  . .- 
46 cantiflue 
-..45 c a n t i n u e - - -  - -- . -- --- . .  -. .. 
4 2 cor?tinuo 
- . . . - - . - . . - . ;urits(3,Q53). _ - - .  
S ~ J F  
C - . . .  f o r ~ a t s  to 3 e  us?i 
3 7 fornat(lZfS.1) 
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